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Detailed Report 

1 . Name of the invention 

overhead power line 

2. Sphere of application of patent 

(requested clause 1) 

It is regarding an overhead power line which consists in part or totally of an 
aluminum-silicon carbide composite conductor made from aluminum or an aluminum 
alloy and 15 to 75 volume % silicon carbide fiber. 

(requested clause 2) 

It is regarding an overhead power line which consists in part or totally of an 
aluminum composite wire made by applying aluminum tape or aluminum tube at least 
0.05 mm thick around aluminum-silicon carbide composite wire with the same volume % 
silicon carbide fiber in requested clause 1. 

(requested clause 3) 

It is regarding an overhead power line which consists in part or in total of copper 
wire coated with aluminum-silicon carbide composite material made by applying 
aluminum-silicon carbide composite material with the same volume % silicon carbide 
fiber as in requested clause 1 to copper wire. 

3. Detailed explanation of the invention 

(field of industrial use) 

This invention is regarding an overhead power line. Especially, it is regarding a 
new overhead power line which has the following characteristics; It can be used to make 
a light-weight power line with a reduced amount of sagging. At identical sagging rates, it 
has a great deal more current carrying capacity. For the same electrical capacity, the 
height of the steel towers (pylon) can be reduced, and installation costs for power lines 
can be reduced. 

(prior art) 

For overhead power lines which conduct electricity from a power source over 
wires suspended between steel towers (pylon), formerly steel cored twisted aluminum 
wire has been used. That is, a zinc plated steel wire is twisted to make steel core which is 
the tension member. Aluminum wire is twisted around its outer diameter to make the 
current-carrying member. 
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Recent increases in electrical demand is remarkable. There is a great deal of 
interest in increasing capacity using the existing structure or to save total cost by using 
lower steel towers for new installations. 

Various methods for increasing capacity of power lines without increasing their 
diameter and without raising the steel tower have been suggested: 

(1) The tensile strength/weight ratio of the steel core is increased, and sufficient tensile 
strength is provided by thin steel wire. The amount that the steel core is thinned down is 
used for increased section area for the aluminum current-carrying wire. 

(2) Electrical capacity can be increased by using a material with a small thermal 
expansion co-efficient, such as invar line instead of the former zinc plated steel wire as 
the core. When the wire is heated by current and the whole power line expands 
thermally, the invar line with small co-efficient of expansion takes the tension load in 
order to prevent sagging. 

(3) Instead of the above zinc plated steel or invar wire, FRP bundles of extremely light 
weight aramide fiber or carbon fiber in a strong resin polyester or epoxy are used. The 
tensile strength will not be reduced, and the weight of the wire is reduced. As a result, 
sagging due to its own weight can be reduced. 

(solution of the problem and its function) 

Figure 10 is a section which shows a specific example of invar core twisted 
aluminum wire which consists of invar wire 10 as suggested above as the tension member 
and then twisting aluminum elementary wire 2 around it. 

The co-efficient of linear expansion of invar is approximately 1.0 x 10 -6 , while the 
CTE of zinc plated steel wire is about 12.0 x 10" 6 . So, even if the current is increased and 
the temperature of the power line increases, sagging can be controlled sufficiently. 
Because of this, it has already has been used in some real-world applications. However, 
even if the co-efficient of linear expansion can be lowered, the strength of the invar line 
itself is small compared to steel wire. Therefore, the sectional area of the core has to be 
increased. Overall tension levels in the wire tend to increase compared to the former 
steel core twisted aluminum wire. There are also several failure modes associated with 
invar. So, although these failure modes can be addressed, there is a possibility that the 
wire may break unexpectedly under increased tension. 

FRP wire which bundles carbon fiber or silicon carbide with epoxy resin has been 
used for real world applications. By using this material, high strength twisted wire with 
light weight can be applied as the tension member fro the power line. This FRP has 
about 60 % fiber, and its relative weight when epoxy resin is used as the matrix is 
approximately 1.5, which is about 1/5 that of steel wire, which is very light-weight 
indeed. Also, its co-efficient of linear expansion is 2 x 10" 6 , which is almost equal to that 
of invar. 

However, the weakness of FRP which uses carbon fiber or silicon carbide is that 
the matrix is plastic. Since it uses epoxy resin, it has problems in high temperature 
applications. Regardless of the fact that the fiber is good to 1200 to 2500 C, which is 
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extremely high, the temperature limit of the FRP is 150 C at most. Therefore, even if the 
co-efficient of linear expansion is small, this material is not as good as invar. 

Thermal deterioration is expected after long use, and it is too weak to be used as 
a tension member for overhead power lines which require reliability for long periods of 
time. 

Therefore, instead of FRP which uses plastic as the matrix, FRM which uses a 
metal matrix has been suggested. 

However, there is a small process window for manufacturing metal FRM. At high 
temperatures, there is a reaction between the inorganic fiber and the matrix metal, and at 
low temperatures the metal does not wet the fiber. Therefore, although there has been 
much recent progress in developing these materials for general construction, for 
application to electric wire, especially, overhead power lines, an appropriate FRM has not 
yet been found. 

The conventional electric wire which uses FRM shown in figure 9 has been 
suggested in the past. It is made of twisted copper-carbon fiber composite wire 22, 22 
which consists of carbon fiber 20 in a copper matrix 21. It is then coated with copper 23 
around it. However, if the matrix and outer coating are cooper, it is not appropriate as an 
overhead power line and it cannot be used. Not only that, wetting of carbon fiber by 
copper is bad, and they cannot be made into a composite material directly. One way it 
can be done is by plating copper on carbon fiber beforehand and evaporating copper on 
that. Therefore, it has too many problems in terms of manufacturing productivity. 

The idea that FRM wire which is suitable for overhead power lines could be 
obtained if the composite wire is manufactured using an aluminum matrix is probably 
obvious to anyone in this business. However, bad wetting of carbon fiber and aluminum 
is same as for cppper. Even if such aluminum-carbon fiber composite wire could be 
manufactured, carbon fiber easily reacts with aluminum, and carbides such as A1 4 C 3 are 
formed. It has gradually become clear from recent research that this decomposes due to 
moisture in the air resulting in a huge loss of strength. 

The object of this invention is to offer a new overhead power line that can solve 
the problems with the prior art such as those described above. The power line in this 
invention is much lighter weight. Not only that, the co-efficient of linear expansion is a 
lot smaller than that of the former power line. Even when wire tension is decreased, 
sagging due to rising temperature can be controlled. Because of these things, an increase 
in electrical capacity and shorter steel towers can be realized. 

(Steps for solving problems) 

It is regarding an overhead power line which consists in part or totally of an 
aluminum-silicon carbide composite conductor made from aluminum or an aluminum 
alloy and 15 to 75 volume % silicon carbide fiber. Also, it is regarding an overhead 
power line which consists in part or totally of an aluminum composite wire made by 
applying aluminum tape or aluminum tube at least 0,05 mm thick around aluminum- 
silicon carbide composite wire with the same volume % silicon carbide fiber. It is also 
regarding an overhead power line which consists in part or in total of copper wire coated 
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with aluminum-silicon carbide composite material made by applying aluminum-silicon 
carbide composite material with the same volume % silicon carbide fiber to copper wire: 

(Function) 

When silicon carbide fiber is made into a composite in aluminum, not only is it 
wet by the aluminum, but there is hardly any danger of a reaction with aluminum as 
stated above. Accordingly, aluminum-silicon carbide fiber composite wire can be used as 
power line instead of steel core aluminum twisted wire. However, to attain the necessary 
strength for overhead power lines and to meet the demand for light weight, it is necessary 
to have 15 volume % silicon carbide fiber or more. To keep the manufacturing process 
simple while considering the weakness of silicon carbide fiber in bending, the volume % 
silicon carbide fiber has to be less than 75 %. An improvement in bending and in 
conductivity can be achieved by coating at least 0.05 mm of aluminum around the 
composite wire, and its potential for use as electric wire could be improved much more. 

(Examples of practice) 

In the following, this invention is going to be explained using examples of 
practice. 

Figure 1 is a cross section of one example of practice of an overhead power line 
according to this invention which consists of twisted aluminum-silicon carbide composite 
wire 1,1. Figure 3 is an enlarged section which shows the construction of the aluminum- 
silicon carbide composite wire 1 in figure 1. 

As understood from figure 3, the aluminum-silicon carbide composite wire 1 
according to this invention has an aluminum or aluminum alloy matrix lb and preferably 
long silicon carbide fibers la, la made into a composite wire. 

In order to manufacture this composite wire 1, a plating treatment or metal 
evaporation pre-treatment like the ones required for copper-carbon fiber composite wire 
is not necessary. It is done with the following processes: silicon carbide fiber yarn is 
spread apart with the appropriate spacing; passed through molten aluminum; squeezed by 
an appropriate die; and finished to the diameter needed. Aluminum and silicon carbide 
have sufficient wetting, and there is no possibility of the formation of deleterious 
compounds at the interface. 

It is also acceptable to make twisted wire such as the one shown in figure 1 using 
the aluminum-silicon carbide composite wire 1 manufactured as in the above. This 
twisted wire is suitable for overhead power line according to this invention. Its cross 
section is shown in figure 2, for example. It is also acceptable to use the following steps 
next. That is, only the outermost layer is made from aluminum wire 2, 2, while the inner 
layer and core section are all made from aluminum-silicon carbide composite wire 1,1. 
The light weight, strength, and low thermal expansion sought by this invention are 
provided by the inner aluminum-silicon carbide composite wire 1,1 while the outermost 
aluminum wire 2, 2 plays the role of electrical conductor. 
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Also, as shown in figures 1 and 2, the aluminum-silicon carbide composite wire 1 
can be used as the primary wire for twisted wire as it is. In that case, the volume % (Vf) 
of silicon carbide fiber would determine whether it is appropriate for use as a power line. 

Figure 10 is a plot of the tensile strength of 1mm composite wire made of pure 
aluminum as the matrix and 15 fim silicon carbide (SiC) for various Vf. 

As is understood from the figure, as the Vf of SiC increases, the tensile strength 
increases gradually. It increases shaiply as the Vf exceeds 75 %. 

From figure 10, it is understood that there is hardly any improvement in tensile 
strength of aluminum when Vf is less than 1 5 %. After that, as Vf increases, the tensile 
strength increases gradually. As stated above, a sudden increase is seen at 75 % Vf. This 
thought to be because the tensile strength of the SiC in the composite wire starts having a 
direct influence. 

Figure 1 1 is a plots of Vf SiC and electrical conductivity using the same samples 
as in figure 10. 

It is well understood from comparing both figures that as the electrical 
conductivity in figure 1 1 increases, the tensile strength shown in figure 10 decreases. 
The fact that electrical conductivity drops sharply when the Vf exceeds 75 % is shown 
here. It is thought that this is the result of the insulating property of SiC which is due to 
the decreasing volume of aluminum which is the conductor. 

When figure 10 and figure 1 1 above are seen together, it could be said that the 
upper limit of Vf that can be used as power line is around 75 %. 

Putting everything together, it could be said that the appropriate Vf of SiC for 
aluminum-silicon carbide composite wire according to this invention in the range of 15 to 
75%. 

However, although the Vf of SiC can be.from 15% to 75 as stated above, the 
fragility of silicon carbide cannot be avoided, and the flexibility during installation or 
during manufacturing depend on the Vf of silicon carbide. 

Regarding the problem of flexibility due to this fragility, the inventors of this 
invention found that it could be solved by coating aluminum or aluminum alloy around 
the aluminum-silicon carbide composite wire. 

Figure 12 is shows the aluminum coating thickness and the acceptable flexural 
radius after various thicknesses of aluminum are applied to aluminum-silicon carbide 
composite wire. The Vf is 60 % and the outer diameter is 1 mm. 

As is obvious from figure 12, the flexural radius can be improved very 
remarkably by aluminum coating. It is also understood that its the coating thickness has a 
big effect at 0.05 mm thickness. 

Accordingly, when the Vf is increased and the strength, light-weight, and low 
thermal expansion need to be improved more, it is appropriate to coat the composite wire 
with 0.05 mm or more aluminum or aluminum alloy. By this, problems due to increasing 
the Vf can be sufficiently mitigated. 

The effects of this aluminum coating were confirmed for aluminum-tape winding 
or aluminum tube coating. 
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Figure 4 and figure 5 show a second example of practice where aluminum coating 
is done around the aluminum-silicon carbide composite wire 1. In each figure, (a) is a 
side view; and (b) is an end view. 

Figure 4 is shows the case where aluminum tape 3a is wound around aluminum- 
silicon carbide composite wire 1 to make aluminum tape covered composite wire 3. 
Figure 5 shows the case where aluminum tube 4a is applied to the same composite wire 1 
to make aluminum tube covered composite wire 4. 

In figure 4, where aluminum tape is steam-bonded or wrapped, or when aluminum 
is put vertically and covered, the joint section can be seamed and melt bonded, and the 
tube can be shrunk by a die. Also, in figure 5, the aluminum tube can be extruded easily. 

Neither case requires that the wire be work hardened like some conventional wire- 
making processes. It is more important to insure that the inner fiber is not broken. 

It is acceptable to make twisted wire by using only the aluminum coated 
composite wire 3 or 4 to make overhead power line. Or, for example, as shown in figure 
6, it is also acceptable to use the aluminum tube coated composite wire 4 as aluminum- 
silicon carbide composite wire 1 to replace the steel core part of the former steel core 
aluminum twisted wire. Aluminum wire 2, 2 are twisted around the twisted composite 
core to make an aluminum twisted wire with a composite core. In this case, overhead 
power line which solves all the problems with the invar core aluminum twisted wire 
shown in figure 8 can be produced. 

Figure 13 is linear figure which shows the high temperature durability of 
composite wire according to this invention with Vf 40 % SiC and pure aluminum wire 
with the same radius at 350 C. 

Although pure aluminum wire was softened in a very short time, the composite 
wire of this invention showed no drop in tensile strength even after 1000 hours. 
Therefore, it could be said that this proves that this wire has extremely good high 
temperature characteristic. 

If the overhead power line in to this invention which has such high temperature 
characteristic, low thermal expansion characteristic, and appropriate electrical 
conductivity is used, it is possible to provide more capacity at the same amount of 
sagging. Another result is that the sagging can be reduced at the same capacity, it is 
possible to reduce the height of the steel towers considerably. Therefore, not only are 
construction costs decreased, but it also contributes to improvement in environmental 
problems. 

In the above, we have been explaining examples which use aluminum-silicon 
carbide composite wire by itself or uses it as primary wire by coating it with aluminum. 
However, it can be also constructed as shown in figure 7 if necessary. 

In this example of practice, an aluminum-silicon carbide composite material cover 
1 ' within the Vf range of this invention is applied to steel wire 5a to make aluminum- 
silicon carbide composite coated steel wire 5. Power line can be made by twisting this 
composite-coated steel wire 5, but its properties can be used to more advantage by using 
it as ground wire. Since the strength in this case is provided by the steel wire 5a, short 
SiC fibers can be used instead of long fibers which were preferred in the examples above. 
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For manufacturing this, SiC is mixed in molten aluminium so that it will be 15 ^ 
Vf <, 75 (%), and steel wire is plated. 

If the composite wire shown in figure 7 is used for ground wire, high temperature 
performance is increased even more by SiC fiber. It is possible to reduce melting of the 
aluminum as seen in former examples in the past a great deal. 

(Effects of this invention) 

As stated above, the overhead power line in this invention is very light weight 
while maintaining sufficient strength for electric wire. Sagging due to its own weight can 
be minimized, and electrical capacity can be increased due to the small co-efficient of 
thermal expansion and extremely good high temperature properties. Even if substantial 
heating is produced in the power line by increased current, there is no sagging due to 
thermal expansion or loss of strength. Since stable performance can be maintained over a 
long period of time, it is possible to increase electrical capacity using conventional steel 
towers. For new construction, tower height can be lowered. Also, since the height can be 
minimized, not only can it be used in limited space in town or other places, but the 
influence of wind driven vibration on the electric wire is small. Therefore, there is no 
limit to the possibility of this invention. 

4. Simple explanation of figures 

Figure 1 and figure 2 show two examples of practice of the electric wire in to this 
invention; figure 3 is an enlarged section which shows the construction of elementary 
wire according to this invention; figure 4 and figure 5 show aluminum coating around 
composite elementary wire, each figure (a) is a side view and (b) is an end view; figure 6 
shows aluminum coated composite wire according to this invention used instead of a 
steel core in steel core twisted aluminum wire; figure 7 shows an example of practice of 
composite coated steel wire according to this invention; figure 8 is section of former 
invar core twisted aluminum wire; figure 9 shows a specific example of electric wire 
which uses copper carbon fiber composite wire; figure 10 shows the relationship between 
Vf and tensile strength; figure 1 1 shows the relationship between Vf and electrical 
conductivity; figure 12 shows the relationship between aluminum coat thickness and 
acceptable flexural radius; and figure 13 shows high temperature durability test results. 

explanation of numbers in figures 

1: aluminum-silicon carbide composite wire, T\ aluminum-silicon carbide composite 
cover, la: silicon carbide fiber, lb: aluminum or aluminum alloy matrix, 2: aluminum 
wire, 3: aluminum tape coated composite wire, 3a: aluminum tape, 4: aluminum tube 
coated composite wire, 4a: aluminum tube, 5: aluminum-silicon carbide composite 
covered steel wire, 5a: steel wire 
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